A microarray system is a powerful and very useful technology for analyzing the expression profile of thousands of genes. In this study, we made a cDNA microarray system carrying 2007 cDNAs obtained from primary neuroblastoma cDNA library and identified retinoic acid (RA)-regulated genes in a RTBM1 neuroblastoma cell line. We repeated independent hybridization experiment twice and found that 7 genes were up-regulated, and 5 genes were down-regulated on the cDNA microarray. The semi-quantitative reverse transcriptase (RT)-PCR analysis to confirm the results showed that 4 genes which included amyloid precursor-like protein 2 (APLP2), P311, dihydropyrimidinase related protein3 (DRP3) and RGP4 were up-regulated, while 2 genes, Id-2 and vimentin, were down-regulated. Thus, our neuroblastoma cDNA microarray system is useful to screen the neuronal differentiation-and growth-related genes regulated by RA with high efficiency.
INTRODUCTION
N euroblastoma (NBL) is one of the most common solid tumors in childhood. The tumor originates from the sympathoadrenal lineage derived from the neural crest. Many of the sporadic neuroblastomas are diagnosed at the advanced stages, and their prognoses are very poor. On the other hand, tumors in infants have a tendency to regress or differentiate spontaneously [1 ,2] . Unveiling the molecular mechanism of the different biology of each subset is important to understand clinical behavior of NBL.
Retinoic acid is a powerful drug to induce neuronal differentiation in primary NBL cells [3] as well as NBL cell lines [4] [5] [6] . RA is reported to induce expression of c-Ha-Ras, Ets-1, c-Fos, c-erb-B and RET genes [3, 4] . However, there should be more genes which are regulated by RA. Nevertheless, the conventional methods such as Northern blot analysis target to very limited number of genes and can not detect global pattern of gene expression.
Recently, new methods to identify genes differentially expressed in particular systems have been developed. They include differential subtractive hybridization, differential display, serial analysis of gene expression (SAGE) and DNA chip [7] [8] [9] [10] . Among them, the cDNA microarray system is one of the most powerful methods for analyzing expression profile of thousands of genes [1 1-17] . In this report, we made a cDNA microarray using a set of 2007 cDNAs which we cloned from primary neuroblastoma cDNA libraries, and detected the genes regulated by RA. Our results showed or confirmed at least 6 genes were regulated by the RA treatment in a NBL cell line.
MATERIALS AND METHODS
Cell culture 
RESULTS AND DISCUSSION
Retinoic acid (RA) induces neuronal differentiation by extending neurites in neuroblastoma cell lines [20] . However, the molecular mechanism is still unclear. To study RA-regulated genes, we chose a RTBM1 neuroblastoma cell line because it was shown to be responsive to RA [21] . The neuronal differentiation of NBL cells was monitored by the grade of neurite extension. As shown in Fig. 1 , extension of neurites in RA-treated cells was remarkable. The differentiation was accompanied with growth arrest of the cells. Total RNA was extracted from those cells after 3 days exposure with RA and subjected to cDNA microarray analysis. cDNA probes labeled with fluorochromes ( Fig. 2) . Figure 3 showed the scatter plots which demonstrated linear correlation between fluorescent values of the genes from RA-treated and RA-untreated cells, suggesting that the microarray system used reflected quantitative levels of mRNA expression. The hybridization was repeated twice, and 13 candidate spots which showed expressional change by more than 2.0-folds (down-regulated by RA) or 0.5-folds (up-regulated by RA) were outside of the range. P311 was a mouse cDNA originally identified for its high expression in late-stage embryonic brain and adult cerebellum, hippocampus, and olfactory bulb. P311 mRNA expression was sharply decreased in both neural and smooth muscle cells when the cells were transformed by coexpression of the oncogenic tyrosine kinase receptor Met and its ligand hepatocyte growth factor [25] . The DRP3 gene was isolated from human fetal brain, and was also expressed in heart and skeletal muscle. However, the function of this gene is unknown [26, 27] . RGP4/RGS4 is a RGS (for regulator of G-protein signaling) family member that encodes structural and functional homologues of Sst2p. It may markedly impair MAP kinase activation by mammalian G-protein-linked receptors, suggesting the existence and importance of an SST2-like desensitization mechanism in mammalian cells [27] . This gene showed brain-specific expression. Id proteins are negative regulators of basic helix-loophelix (bHLH) transcription factors. Id-like helixloop-helix (HLH) proteins, which lack a basic DNA binding domain, have been suggested to serve as general inhibitors of differentiation. Id2 was expressed in specific cell types during neurogenesis [29, 30] . Vimentin belongs to the diverse multigene family of intermediate filament proteins, each member of which is expressed in a tissue-specific and developmentally regulated pattern. The presence and proper regulation of vmentin expression is not essential during the initial stages of embryogenesis [31] . 18. Nakamura Y, Ozaki T, Ichimiya S, Nakagawara A, and
